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SIDE REINFORCED BULK MATERIAL TRANSPORT CONTAINER 

The present invention is related to bulk transport containers, and in 
particular to containers used in road and rail transportation. 

Bulk transport fleet operators presently use containers that are designed 
5 inefficiently and are unable to carry more payload than they are designed for 
without damaging the container, or without significantly affecting the containers 
safety and fatigue life. If such containers consistently carry more load than they 
are designed for, then unexpected structural failures are likely, along with a 
higher risk of derailment in the case of rail transportation. 
10 The containers presently used by both Australian and international 

transportation companies to carry bulk product are based on designs that are at 
least 20 years old. Each new container that is produced is still based on these 
old concepts, such that the problems inherent in ageing containers will be 
duplicated in the new containers. Thus, if operators look to maximise the 
15 carrying capacity of their containers by increasing payloads the inherent design 
problems will be exacerbated. 

It is an object of the present invention to provide a container for bulk 
product transportation that is more efficient and cost effective than existing 
containers. 

20 With the above object in mind the present invention provides a container 

for transporting bulk material having two side walls, two end walls, and a base; 
the side walls having a plurality of vertical reinforcing members spaced along 
the length of the side wall, wherein the side wall between at least one adjacent 
pair of reinforcing members includes at least one internal ridge running 

25 therebetween. 

Preferably, there will be at least one internal ridge between each of the 
reinforcing members. 

Preferably, there will be at least one internal ridge between an end wall 
and a first reinforcing means. 
30 In some instances extra reinforcing members might be required to satisfy 

the structural strength of any or all panels on the side wall and/or floor and/or 
end wall. 
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Ideally, the internal ridge includes a first wall portion angled from the wall 
towards the interior of the container, and a second wall portion rejoining the first 
wall portion to the wall. The angle of the first wall portion is in the direction of 
flow during unloading of the material to be transported. 
5 Alternatively, the internal ridge includes a first wall portion deflected 

inwardly a progressively increased degree relative to the intersection of the side 
wall and the base, and a second wall portion extending from the first wall portion 
and being deflected outwardly a progressively decreased degree relative to the 
intersection of the side wall and the base. 
1 0 The angle of the first wall portion may be determined by subtracting the 

natural angle of repose of the transported product, from the angle the container 
is rotated during unloading. Whilst the first and second wall portions may be 
symmetrical, they may also be of uneven length. 

In further embodiments, the internal ridge may also include a third wall 
1 5 portion between the first wall portion and the second wall portion. This third wall 
portion may be flat or concave. Any such flat third wall portion may additionally 
be parallel to the side wall. 

In some applications, a partial internal ridge may extend along the top 
edge or rim of the side walls. Such a partial internal ridge may consist of the first 
20 wall portion of the internal ridge. In this case an additional strengthening 
member along the edge or rim of the side wall would be included. 

In a preferred embodiment, the base of the container also includes at 
least one internal ridge extending substantially along the length of the base. 

It will be convenient to further describe the invention by reference to the 
25 accompanying drawings which illustrate possible embodiments of the invention 
and improvements over the prior art. Other embodiments of the invention are 
possible and consequently the particularity of the accompanying drawings is not 
to be understood as superseding the generality of the preceding description of 
the present invention. 
30 Figure 1 shows an isometric view of a conventional container. 

Figure 2a shows an isometric view of one container of the present 
invention. 



WO 99/50157 




PCT/AU99/00237 



3 



Figure 2b shows a similar container to that of Figure 2a with a cutaway 
portion to better show the internal ridge. 

Figure 3a shows an isometric view of a further container of the present 
invention. 

5 Figure 3b shows a similar container to that of Figure 3a with a cutaway 

portion to better show the internal ridge. 

Figure 4a shows a simple cross-sectional view of a conventional 
container. 

Figure 4b shows a simple cross-sectional view of a container of the 
1 0 preferred embodiment of the present invention. 

Figure 5 shows a cross-sectional view of a container of the present 
invention superimposed over a conventional container. 

Figure 6 shows the arrangement of the internal ridge for a container with 
a bottom dumping mechanism. 
1 5 Figure 7 shows the angle of repose diagrammatically. 

Figure 8 shows an expanded view of an internal ridge of the present 
invention. 

Referring now to Figures 1 and 4a, the shape of a conventional container 
as presently used can be seen. The basic container includes two side walls 1 , a 

20 base 2, and two end walls 3. The size of any such container, whether it be for 
transportation by road or by rail, has certain dimensional limitations. That is, 
neither the height, nor width, of the container can exceed pre-defined 
dimensions. These pre-defined dimensions are determined by both rail or road 
standards, and also, the practical limitations of loading and unloading facilities. 

25 Accordingly, whilst it is presently desirable in the industry to increase 

payloads, the size of the actual containers cannot be increased without 
decreasing the strength of the containers. In this regard, it is noted that the walls 
of the containers do not extend to the maximum possible dimensions due to the 
structural requirements of the container. That is, the bulk product transported via 

30 these containers places extreme stresses on the walls of the containers, 
requiring a number of support or reinforcing members to strengthen the walls. 
This can conveniently take the form of a number of ribs 4, extending around the 
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body of the container. The addition of the necessary number of ribs 4 to 
strengthen the walls 1, result in a much heavier container and in a resultant 
decrease in the aerodynamics of the container, having both fuel and cost 
implications on the profitability of the container. It is also noted that structural 
5 maintenance and repairs to such containers are both frequent and expensive 
and do not guarantee that the operational life of the container will be 
significantly increased. 

It will be appreciated that larger containers will require more ribs or 
reinforcing members. The present invention reduces the number of ribs that is 

10 required when compared to a conventional container of equal size. 

Referring now to Figures 2, 3 and 4b, the preferred embodiment of the 
present invention can be seen. The container of the preferred embodiment also 
includes two side walls 5, two end walls 7, and a base 6. However, the present 
invention also includes at least one internal ridge 8. The main element of this 

15 internal ridge 8, is a first portion 8a, which extends from the wall at an angle 
towards the interior of the container. A second portion 8b, can be adapted to 
complete the internal ridge 8, by rejoining the wall 5, to the end of the first 
portion 8a. 

In some circumstances the ridge could be supplemented by extra 
20 reinforcing elements to add structural strength if required. That is, dependent on 
the material to be transported, it may also be desirable to add extra 
reinforcement to the internal ridge. This extra reinforcement may be added to 
the internal ridge between each strengthening rib, or alternatively, to the internal 
ridge in at least one of the wall sections. As seen in Figures 2b and 3b, this 
25 reinforcement may be shaped similar to that of the internal ridge. 

It is noted that as we move along the first portion 8a from the side wall 5, 
the angle between the side wall 5 and the position on the first portion 8a relative 
to the intersection of the side wall 5 and base 6 progressively increases. 
Similarly, as we return along the second portion 8b, the angle relative to the 
30 intersection between the side wall 5 and base 6 progressively decreases. 

The angle 01 at which the portion 8a, extends from the wall 5 towards 
the interior of the container is chosen to ensure that the product to be carried by 
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the container is unloaded completely. That is, the angle is preferably dependent 
on the type of product carried and on the method the operator uses to unload 
the product. The dimensions of the internal ridge 8, are further determined as a 
function of the structural strength required and of the natural angle of repose of 
5 the material that is to be transported. 

The angle at which the first portion 8a extends towards the interior of the 
container may preferably be determined by the following mathematical formula: 

01<02-03 - 90 

where 

1 0 01-is the angle between the vertical wall 5, and the first portion 8a. 

02— is the angle the container is rotated in the unloading facility. 

03— is the natural angle of repose for the product to be transported. 

As seen in Figure 7, the natural angle of repose 13 is dependent on the 
product 12 desired to be carried, and can be determined by pouring or dropping 
15 the material 12 on to a level plain so as to form a substantially conical hill. The 
angle of repose 13 is then determined as the angle between the horizontal plain 
15, and a line extending from the base of the cone to the top of the hill. 

In some circumstances, it may be more appropriate to use the following 
formula: 

20 01<02-03-04-9O 
where 

04— is the cohesion of the material to be transported when wet. 

For a bottom dumping container 180° has to be added to the volume for 
01 . Alternatively, the formula may be amended by changing the -90° to +90°. 
25 In a further alternative 02 for a bottom dumping container may be considered to 
be 180°. 

Essentially, the shape of the first portion 8a of the internal ridge 8 can be 
determined on the basis of the natural angle of repose 13 of the material which 
is to be carried. The second portion 8b will depend on the structural and 
30 manufacturing requirements of the container and may be derived from detailed 
structural analysis of the structural strength and stiffness requirements of the 
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container. Whilst the second portion 8b may have a similar angle and length to 
the first portion 8a, this is not a requirement of the internal ridge. That is, the 
second portion 8b may be shaped differently to the first portion 8a, in that it may 
be curved, or flat. Alternatively, the length of the second portion 8b may be 
5 different to that of the first portion 8a, and accordingly the angle of the second 
portion 8b between the wall 5 and the second portion 8b will be different. The 
shape of the second portion 8b of the internal ridge 8 will depend on the 
limitations, such as space constraints, of the container, and on the number of 
internal ridges 8 in the wall 5, and to some degree on manufacturing facilities. 

10 Whereas the first portion 8a is based on the angle of repose 13 as discussed 
above, the second and possibly third portions 8b, 8c are chosen to complete the 
internal ridge 8, and fulfil the structural requirements of the container. 

The length and shape of the internal ridge 8, will depend on the structural 
requirements of the side walls 5 and the base 6. It will also depend on the 

15 spacing between supporting frame members 9, and the natural angle of repose 
of the material. As the distance or spacing between the supporting frame 
members 9 increases, it will be necessary to increase the depth 16 of the 
internal ridge 8, to ensure the necessary structural strength. Accordingly, it is 
possible to design a container specifically for a certain type of material to be 

20 transported, by considering the mass of the material and the pressure the 
material will place on the walls of the container. 

A container constructed with an internal ridge of the present invention 
provides a container that is able to transport bulk product. Furthermore, the 
internal ridge acts as an in-built longitudinal structural stiffener. This internal 

25 ridge, then ensures that the structural requirements, such as strength, fatigue 
resistance, and buckling capacity, are met, while ensuring that more product can 
be loaded into a container that has the same exterior dimensions as a 
conventionally designed container. This difference in carrying capacity can be 
seen in Figure 5, where the shape of a new container of the present invention is 

30 superimposed over a conventional container. The shaded area of Figure 5 
shows the extra volume that may be loaded into the new container of the 
present invention. 
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The internal ridge 8 is designed to run along the length- of the side wall 5 
between the supporting frame members 9. Depending on the requirements of 
the container, for example the placement of locking members 16, the shape and 
design of the internal ridges 8 may vary between the supporting frame members 
5 9, as seen in Figure 2a. Alternatively, as shown in Figure 3a the internal ridge 8 
may be consistent in each panel of the side wall 5. 

As can be seen from the figures, it is also preferable to include a partial 
internal ridge 10 at the top of the container. This partial internal ridge 10 may be 
formed by a first portion which extends at an angle towards the interior of the 

10 container. That is, the partial internal ridge 10 does not include the second 
portion of the internal ridge 8. Ideally, such a partial internal ridge 10 would also 
include an additional strengthening member 1 1 which forms the rim of the 
container. This rim 1 1 effectively compensates for the omission of the second 
portion of the internal ridge, thereby ensuring that the structural strength is 

15 sufficient. It will be understood that finite element analysis or other structural 
analysis can be used to determine the depth of the internal ridge and the 
thickness of the material to be used for the side wall of the container. Again the 
depth may be calculated depending on the spacing of the supporting frame 
members 9, and on the pressure exerted by the material to be carried. The 

20 exact figure is derived by applying strength of material theory as well as theories 
of structural mechanics. 

The number and the placement of the internal ridges may be dependent 
upon the size of the container. As can be seen by a comparison of Figures 1 
and 2, the addition of the internal ridge 8 reduces the number of strengthening 

25 ribs 4 required on a conventional container. This reduction in the number of ribs 
decreases the weight of the container, and also improves the aerodynamics of 
the container. Both these features result in a more cost effective container. 

The internal ridge 8 may also include a third portion 8c which joins the 
first portion 8a to the second portion 8b. This third portion 8c may be used to 

30 further improve the structural requirements of the internal ridge 8. Accordingly, 
depending upon the application, this third portion 8c may be flat or concave. 
Further, it may run parallel to the wall 5, or extend at some angle relative to the 
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wall 5. Generally, the longer the third portion 8c is, the stronger the internal 
ridge 8 is. However, if the third portion 8c is longer then the first portion 8a then 
some structural strength is lost, and accordingly it is desirable that the third 
portion 8c not exceed the length of the first portion 8a. Whether a third portion 
5 8c is adopted will again depend on the required strength of the structure as well 
as any space constraints on the container. 

The container of the present invention may be used for bulk 
transportation by either road or rail. It may also be adapted to be used on 
containers designed for rotary dumping or tipping, or for bottom dumping. The 

10 orientation of the internal ridge will depend upon this unloading method. That 
is, the first portion 8a is always aligned with the flow of the product being 
unloaded so as to ensure that no product gets caught up inside the container. If 
the angle of the internal ridge is not designed so as to ensure that all the product 
was unloaded, it would be possible for trapped product to unbalance a 

15 container thought to be unloaded, thereby possibly causing derailment or 
collapsing of the container. It will also be understood that the base 6 of the 
container may also include at least one internal ridge, thereby strengthening the 
base of the container. The internal ridges running along the base of the 
container, may go over the wheels and extend through substantially the entire 

20 length of the container. Such floor ridges can be constructed having two main 
functions. One being operational, to bridge over the wheel thereby adding 
greater interior volume, and secondly structural as the ridge is again designed 
to provide structural strength. The parameters of the floor ridge are established 
using structural analysis. The height of the floor ridge is a function of the depth 

25 of the container, of the material properties of the product carried, and of the size 
of the wheels. The dimensions of the floor ridge will also depend on the spacing 
of the supporting members. 

By the addition of at least one internal ridge in the wall of the container, 
the present invention results in a container that is lighter than conventional 

30 containers as the side wall containing the internal ridge does not require as 
many structural reinforcements as conventional containers, since the internal 
ridge itself adds to the structural strength of the wall. Again this can be seen by 
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comparison of Figures 1 and 2, whereby the number of ribs or strengthening 
elements is less than in the original design. The decrease in the number of ribs 
9 also leads to a cheaper container. The decrease in the number of vertical 
elements, and protruding parts generally improves the aerodynamic shape of 
5 the container, thereby making a more efficient and economical container. 
Further, because fewer welds are required the design ensures that there are 
fewer areas of stress concentration, thereby making the improved container 
more fatigue resistant. 

As an example of the present invention, for a container designed to carry 
1 0 bulk ore from Mt Whaleback in Western Australia, the overall dimensions of the 
container could be: 

Length = 9.068 metres 

Breadth = 3.200 metres 

Depth = 2.278 metres 
15 As to the ridge, assuming that the iron ore has a bulk density of 27.1 

KN/m3, an angle of repose of 35° and a side rotation of 137° for unloading, then 
the internal ridge characteristics could be as follows: 

01, the angle between the vertical wall 5 and the first portion of the ridge 
8a, is calculated at 12°. Structural analysis has determined that the first internal 
20 ridge portion 8a ideally starts at a vertical height of 350mm from the base; is 
angled inwards at 10 degrees (which is less that the calculated 12° to account 
for any adhesion of the material) and continues inwards until it reaches a 
vertical height of 800mm from the base, which is equivalent to a 75mm internal 
ridge depth. A third portion 8c is required of 95mm vertical height and the 
25 second portion 8b joins the third portion 8c, to the vertical wall 5, finishing at an 
overall height of the completed ridge 1 040mm from the base. 

Ideally, in the longest wall section an extra reinforcing member would 
also be added to the internal ridge to provide structural strength. 

The main benefits of this design compared to existing bulk iron ore 
30 containers carrying the same stated ore are that the overall weight of the 
container is reduced by approximately 18% due to the improved structural 
efficiencies gained from the new structural wall and floor shape. Further, the 
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payload of the improved container is increased by approximately l% over that of 
a conventional container due to the increase in the container volume. 

In addition, the aerodynamic characteristics of the shape reduce the drag 
coefficient on the side walls by 19% which will result in improved fuel economy 
5 for the operator. 

In summary, the present invention provides a container that fits into the 
prescribed parameters, such as the maximum dimensional requirements, but 
still allows for an increased payload capacity without sacrificing structural 
strength. The more efficient structural design means that the container is lighter 

1 0 and more aerodynamic. Furthermore, the shape of the container is such that the 
product unloads easily and no product is left in the container after unloading 
operations. The angle and shape of the side walls and internal ridge are 
designed to take into consideration the products natural repose angle as well as 
the operators loading methodology, thereby ensuring that efficient unloading is 

15 achieved. 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS : 

1. A container for transporting bulk material including two side walls, two 
end walls and a base, wherein at least one said side wall includes at least one 
ridge running the length of said at least one side wall. 

2. A container for transporting bulk material including two side walls, two 
end walls, and a base; said side walls including a plurality of vertical reinforcing 
members spaced along the length of said side wall, wherein said side wall 
between at least one adjacent pair of said reinforcing members includes at least 
one internal ridge running therebetween. 

3. A container as claimed in claim 2 further including at least one internal 
ridge between each of said reinforcing members. 

4. A container as claimed in claim 2 or 3 including additional reinforcement 
running along said internal ridge between each of said reinforcing members. 

5. A container as claimed in any one of claims 2 to 4, further including at 
least one internal ridge between one said end wall and a first reinforcing means. 

6. A container as claimed in any preceding claim wherein said ridge 
includes a first wall portion angled from said wall towards the interior of said 
container, and a second wall portion rejoining said first wall portion to said wall. 

7. A container as claimed in claim 6 wherein the angle of said first wall 
portion is in the direction of flow during unloading of the material to be 
transported. 

8. A container as claimed in any one of claims 1 to 5, wherein said internal 
ridge includes a first wall portion deflected inwardly a progressively increased 
degree relative to the intersection of said side wall and said base, and a second 
wall portion extending from said first wall portion and being deflected outwardly 
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a progressively decreased degree relative to the intersection' of said side wall 
and said base. 

9. A container as claimed in any one of claims 1 to 8 wherein the angle of 
said first wall portion is given by: 

01<02-03-9O 

where: 

01 - is the angle between said side wall and said first wall portion, 

02 - is the angle said container is rotated during unloading of said 
container, and 

03 - is the natural angle of repose of material to be transported in said 
container. 

10. A container as claimed in any one of claims 1 to 8 wherein the angle of 
said first wall portion is given by: 

01 < 02 - 03 - 04 - 90 

where: 

01 - is the angle between said side wall and said first wall portion, 

02 - is the angle said container is rotated during unloading of said 
container, 

03 - is the natural angle of repose of material to be transported in said 
container, and 

04 - is the cohesion of said material to be transported when wet. 

11. A container as claimed in any preceding claim wherein said first and 
second wall portions are symmetrical. 

12. A container as claimed in any preceding claim wherein said second wall 
portion is convex or concave. 



WO 99/50157 




PCT/AU99/00237 



13 



13. A container as claimed in any preceding claim wherein said first wall 
portion is aligned with the flow of material during unloading of said container. 

14. A container as claimed in any preceding claim wherein said ridge further 
includes a third wall portion between said first wall portion and said second wall 
portion. 

15. A container as claimed in claim 14 wherein said third wall portion is 
concave. 

16. A container as claimed in claim 14 wherein said third wall portion is flat or 
straight. 

17. A container as claimed in claim 16 wherein said third wall portion is 
parallel to said side wall. 

18. A container as claimed in claim 16 wherein said third wall portion is 
angled relative to said side wall. 

19. A container as claimed in any one of claims 12 to 18 wherein said first 
wall portion is equal to or longer than said third wall portion. 

20. A container as claimed in any preceding claim wherein at least one said 
side wall further includes a partial ridge along the top or rim of said at least one 
side wall, said partial ridge being formed by a fourth wall portion, said fourth wall 
portion being equivalent to said first wall portion. 

21. A container as claimed in claim 20 wherein said partial ridge further 
includes a strengthening member along the periphery of said fourth wall portion, 
said strengthening member forming the rim of said container. 
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22. A container as claimed in any preceding claim wherein' said base of said 
container includes at least one ridge extending substantially along the length of 
said base. 

23. A container as claimed in claim 22 wherein said at least one ridge along 
said base is located about wheel or track positions of a support for said 
container. 

24. A container substantially as hereinbefore described with reference to 
figures 2a, 2b, 3a, 3b, 4b, 6 or 8. 

25. A container as claimed in any preceding claim for use in transportation of 
bulk material by road. 

26. A container as claimed in any preceding claim for use in transportation of 
bulk material by rail. 
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BULK MATERIAL TRANSPORT CONTAINERS 

The present invention is related to bulk transport containers, and in 
particular to containers used in road and rail transportation. 

Bulk transport fleet operators presently use containers that are designed 
5 inefficiently and are unable to carry more payload than they are designed for 
without damaging the container, or without significantly affecting the containers 
safety and fatigue life. If such containers consistently carry more load than they 
are designed for, then unexpected structural failures are likely, along with a 
higher risk of derailment in the case of rail transportation. 
10 The containers presently used by both Australian and international 

transportation companies to carry bulk product are based on designs that are at 
least 20 years old. Each new container that is produced is still based on these 
old concepts, such that the problems inherent in ageing containers will be 
duplicated in the new containers. Thus, if operators look to maximise the carrying 
15 capacity of their containers by increasing payloads the inherent design problems 
will be exacerbated. 

It is an object of the present invention to provide a container for bulk 
product transportation that is more efficient and cost effective than existing 
containers. 

20 With the above object in mind the present invention provides a container 

for transporting bulk material including two side walls, two end walls and a base, 
wherein at least one said side wall includes at least one ridge running along said 
at least one side wall between said end walls, and wherein said ridge is integrally 
formed within said at least one side wall. 

25 Preferably, there will be at least one internal ridge between each of the 

reinforcing members. 

Preferably, there will be at least one internal ridge between an end wall 
and a first reinforcing means. 

In some instances extra reinforcing members might be required to satisfy 

30 the structural strength of any or all panels on the side wall and/or floor and/or end 
wall. 
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the container is unloaded completely. That is, the angle is preferably dependent 
on the type of product carried and on the method the operator uses to unload the 
product. The dimensions of the internal ridge 8, are further determined as a 
function of the structural strength required and of the natural angle of repose of 
5 the material that is to be transported. 

The angle at which the first portion 8a extends towards the interior of the 
container may preferably be determined by the following mathematical formula: 

01<02-03-9O 

where 

10 01-is the angle between the vertical wall 5, and the first portion 8a. 

02- is the angle the container is rotated in the unloading facility. 

03- is the natural angle of repose for the product to be transported. 

As seen in Figure 7, the natural angle of repose 13 is dependent on the 
product 12 desired to be carried, and can be determined by pouring or dropping 
15 the material 12 on to a level plain so as to form a substantially conical hill. The 
angle of repose 13 is then determined as the angle between the horizontal plain 
15, and a line extending from the base of the cone to the top of the hill. 

In some circumstances, it may be more appropriate to use the following 
formula: 

20 01<02-03-04-9O 
where 

04- is the cohesion of the material to be transported when wet. 

For a bottom dumping container 180° has to be added to the volume for 
01 . Alternatively, the formula may be amended by changing the -90° to +90°. 
25 In a further alternative 02 for a bottom dumping container may be considered to 
be 180°. 

For a bottom dumping container, the ridge can be configured to extend 
away from the interior of the container. Such an arrangement will not provide the 
same increased payload as a ridge which extends towards the interior of the 
30 container, but nevertheless, will provide substantial gains in cost reduction of 
fabrication from conventional containers which merely provide an additional 
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strengthening member along the exterior of a standard container. 

Essentially, the shape of the first portion 8a of the internal ridge 8 can be 
determined on the basis of the natural angle of repose 13 of the material which is 
to be carried. The second portion 8b will depend on the structural and 
5 manufacturing requirements of the container and may be derived from detailed 
structural analysis of the structural strength and stiffness requirements of the 
container. Whilst the second portion 8b may have a similar angle and length to 
the first portion 8a, this is not a requirement of the internal ridge. That is, the 
second portion 8b may be shaped differently to the first portion 8a, in that it may 

10 be curved, or flat. Alternatively, the length of the second portion 8b may be 
different to that of the first portion 8a, and accordingly the angle of the second 
portion 8b between the wall 5 and the second portion 8b will be different. The 
shape of the second portion 8b of the internal ridge 8 will depend on the 
limitations, such as space constraints, of the container, and on the number of 

is internal ridges 8 in the wall 5, and to some degree on manufacturing facilities. 
Whereas the first portion 8a is based on the angle of repose 13 as discussed 
above, the second and possibly third portions 8b, 8c are chosen to complete the 
internal ridge 8, and fulfil the structural requirements of the container. 

The length and shape of the internal ridge 8, will depend on the structural 

20 requirements of the side walls 5 and the base 6. It will also depend on the 
spacing between supporting frame members 9, and the natural angle of repose of 
the material. As the distance or spacing between the supporting frame members 
9 increases, it will be necessary to increase the depth 16 of the internal ridge 8, to 
ensure the necessary structural strength. Accordingly, it is possible to design a 

25 container specifically for a certain type of material to be transported, by 
considering the mass of the material and the pressure the material will place on 
the walls of the container. 

A container constructed with an internal ridge of the present invention 
provides a container that is able to transport bulk product. Furthermore, the 

30 internal ridge acts as an in-built longitudinal structural stiffener. This internal 
ridge, then ensures that the structural requirements, such as strength, fatigue 
resistance, and buckling capacity, are met, while ensuring that more product can 
be loaded into a container that has the same exterior dimensions as a 

AMENDED SHEET 

SPEA/AU 



PCT/AU99/00237 
Received 14 December 1999 

7 ™ ' 

conventionally designed container. This difference in carrying capacity can be 
seen in Figure 5, where the shape of a new container of the present invention is 
superimposed over a conventional container. The shaded area of Figure 5 shows 
the extra volume that may be loaded into the new container of the present 
5 invention. 

The internal ridge 8 is designed to run along the length of the side wall 5 
between the supporting frame members 9. Depending on the requirements of the 
container, for example the placement of locking members 16, the shape and 
design of the internal ridges 8 may vary between the supporting frame members 

10 9, as seen in Figure 2a. Alternatively, as shown in Figure 3a the internal ridge 8 
may be consistent in each panel of the side wall 5. 

As can be seen from the figures, it is also preferable to include a partial 
internal ridge 10 at the top of the container. This partial internal ridge 10 may be 
formed by a first portion which extends at an angle towards the interior of the 

15 container. That is, the partial internal ridge 10 does not include the second 
portion of the internal ridge 8. Ideally, such a partial internal ridge 10 would also 
include an additional strengthening member 11 which forms the rim of the 
container. This rim 1 1 effectively compensates for the omission of the second 
portion of the internal ridge, thereby ensuring that the structural strength is 

20 sufficient. It will be understood that finite element analysis or other structural 
analysis can be used to determine the depth of the internal ridge and the 
thickness of the material to be used for the side wall of the container. Again the 
depth may be calculated depending on the spacing of the supporting frame 
members 9, and on the pressure exerted by the material to be carried. The exact 

25 figure is derived by applying strength of material theory as well as theories of 
structural mechanics. 

The number and the placement of the internal ridges may be dependent 
upon the size of the container. As can be seen by a comparison of Figures 1 and 
2, the addition of the internal ridge 8 reduces the number of strengthening ribs 4 

30 required on a conventional container. This reduction in the number of ribs 
decreases the weight of the container, and also improves the aerodynamics of 
the container. Both these features result in a more cost effective container. 

The internal ridge 8 may also include a third portion 8c which joins the first 
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portion 8a to the second portion 8b. This third portion 8c may be used to further 
improve the structural requirements of the internal ridge 8. Accordingly, 
depending upon the application, this third portion 8c may be flat or concave. 
Further, it may run parallel to the wall 5, or extend at some angle relative to the 
5 wall 5. Generally, the longer the third portion 8c is, the stronger the internal ridge 
8 is. However, if the third portion 8c is longer then the first portion 8a then some 
structural strength is lost, and accordingly it is desirable that the third portion 8c 
not exceed the length of the first portion 8a. Whether a third portion 8c is adopted 
will again depend on the required strength of the structure as well as any space 

10 constraints on the container. 

The container of the present invention may be used for bulk transportation 
by ejther road or rail. It may also be adapted to be used on containers designed 
for rotary dumping or tipping, or for bottom dumping. The orientation of the 
internal ridge will depend upon this unloading method. That is, the first portion 8a 

15 is always aligned with the flow of the product being unloaded so as to ensure that 
no product gets caught up inside the container. If the angle of the internal ridge is 
not designed so as to ensure that all the product was unloaded, it would be 
possible for trapped product to unbalance a container thought to be unloaded, 
thereby possibly causing derailment or collapsing of the container. It will also be 

20 understood that the base 6 of the container may also include at least one internal 
ridge, thereby strengthening the base of the container. The internal ridges 
running along the base of the container, may go over the wheels and extend 
through substantially the entire length of the container. Such floor ridges can be 
constructed having two main functions. One being operational, to bridge over the 

25 wheel thereby adding greater interior volume, and secondly structural as the ridge 
is again designed to provide structural strength. The parameters of the floor ridge 
are established using structural analysis. The height of the floor ridge is a 
function of the depth of the container, of the material properties of the product 
carried, and of the size of the wheels. The dimensions of the floor ridge will also 

30 depend on the spacing of the supporting members. 

By the addition of at least one internal ridge in the wall of the container, the 
present invention results in a container that is lighter than conventional containers 
as the side wall containing the internal ridge does not require as many structural 
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reinforcements as conventional containers, since the internal ridge itself adds to 
the structural strength of the wall. Again this can be seen by comparison of 
Figures 1 and 2, whereby the number of ribs or strengthening elements is less 
than in the original design. The decrease in the number of ribs 9 also leads to a 

5 cheaper container. The decrease in the number of vertical elements, and 
protruding parts generally improves the aerodynamic shape of the container, 
thereby making a more efficient and economical container. Further, because 
fewer welds are required the design ensures that there are fewer areas of stress 
concentration, thereby making the improved container more fatigue resistant. 

10 As an example of the present invention, for a container designed to carry 

bulk ore from Mt Whaleback in Western Australia, the overall dimensions of the 
container could be: 



As to the ridge, assuming that the iron ore has a bulk density of 27.1 
KN/m3, an angle of repose of 35° and a side rotation of 137° for unloading, then 
the internal ridge characteristics could be as follows: 

01, the angle between the vertical wall 5 and the first portion of the ridge 

20 8a, is calculated at 12°. Structural analysis has determined that the first internal 
ridge portion 8a ideally starts at a vertical height of 350mm from the base; is 
angled inwards at 10 degrees (which is less that the calculated 12° to account for 
any adhesion of the material) and continues inwards until it reaches a vertical 
height of 800mm from the base, which is equivalent to a 75mm internal ridge 

25 depth. A third portion 8c is required of 95mm vertical height and the second 
portion 8b joins the third portion 8c, to the vertical wall 5, finishing at an overall 
height of the completed ridge 1040mm from the base. 

Ideally, in the longest wall section an extra reinforcing member would also 
be added to the internal ridge to provide structural strength. 

30 The main benefits of this design compared to existing bulk iron ore 

containers carrying the same stated ore are that the overall weight of the 
container is reduced by approximately 18% due to the improved structural 
efficiencies gained from the new structural wall and floor shape. Further, the 



Length = 9.068 metres 



Breadth = 3.200 metres 



15 



Depth = 2.278 metres 
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payload of the improved container is increased by approximately 1% over that of a 
conventional container due to the increase in the container volume. 

In addition, the aerodynamic characteristics of the shape reduce the drag 
coefficient on the side walls by 19% which will result in improved fuel economy for 
5 the operator. 

In summary, the present invention provides a container that fits into the 
prescribed parameters, such as the maximum dimensional requirements, but still 
allows for an increased payload capacity without sacrificing structural strength. 
The more efficient structural design means that the container is lighter and more 
10 aerodynamic. Furthermore, the shape of the container is such that the product 
unloads easily and no product is left in the container after unloading operations. 
The angle and shape of the side walls and internal ridge are designed to take into 
consideration the products natural repose angle as well as the operators loading 
methodology, thereby ensuring that efficient unloading is achieved. 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS : 

1 . A container for transporting bulk material including two side walls, two end 
walls and a base, wherein at least one said side wall includes at least one internal 
ridge running along said at least one side wall between said end walls, and 
wherein said ridge is integrally formed within said at least one side wall. 

2. A container for transporting bulk material including two side walls, two end 
walls, and a base; said side walls including a plurality of vertical reinforcing 
members spaced along the length of said side wall, wherein said side wall 
between at least one adjacent pair of said reinforcing members includes at least 
one internal ridge running therebetween, wherein said ridge is integrally formed 
within said side wall. 

3. A container as claimed in claim 2 further including at least one internal 
ridge between each of said reinforcing members. 

4. A container as claimed in claim 2 or 3 including additional reinforcement 
aligned along said internal ridge between each of said reinforcing members. 

5. A container as claimed in any one of claims 2 to 4, further including at least 
one internal ridge between one said end wall and a first reinforcing member. 

6. A container as claimed in any preceding claim wherein said ridge includes 
a first wall portion angled from said wall towards the interior of said container, and 
a second wall portion rejoining said first wall portion to said wall. 

7. A container as claimed in any one of claims 1 to 5, adapted for unloading 
of material through the base of the container, wherein said ridge includes a first 
wall portion angled from said wall away from the interior of said container, and a 
second wall portion rejoining said first wall portion to said wall. 



8. 



A container as claimed in claim 6 or claim 7 wherein the angle of said first 
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wall portion is in the direction of flow during unloading of the material to be 
transported. 

9. A container as claimed in any one of claims 1 to 5, wherein said internal 
ridge includes a first wall portion deflected inwardly a progressively increased 
degree relative to the intersection of said side wall and said base, and a second 
wall portion extending from said first wall portion and being deflected outwardly a 
progressively decreased degree relative to the intersection of said side wall and 
said base. 

10. A container as claimed in any one of claims 1 to 9 wherein said first wall 
portion extends from said side wall at an angle 01 , wherein: 



where: 

01 - is the angle between said side wall and said first wall portion, 

02 - is the angle said container is rotated during unloading of said 
container, and 

03 - is the natural angle of repose of material to be transported in said 



11. A container as claimed in any one of claims 1 to 9 wherein said first wall 
portion extends from said side wall at an angle 01 , wherein: 



where: 

01 - is the angle between said side wall and said first wall portion, 

02 - is the angle said container is rotated during unloading of said 
container, 

03 - is the natural angle of repose of material to be transported in said 
container, and 

04 - is the cohesion of said material to be transported when wet. 



01 <02 - 03 - 90° 



container. 



01 < 02 - 03 - 04 - 90° 
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12. A container as claimed in any one of claims 1 to 9 adapted for unloading of 
material through the base of the container, and wherein said first wall portion 
extends from said side wall at an angle 01 , wherein: 

01 < 90° -03 

where: 

01 - is the angle between said side wall and said first wall portion, and 

03 - is the natural angle of repose of material to be transported in said 
container. 



13. A container as claimed in any one of claims 1 to 9 adapted for unloading of 
material through the base of the container, and wherein said first wall portion 
extends from said side wall at an angle 01 , wherein: 

01 < 90° -03 -04 

where: 

01 - is the angle between said side wall and said first wall portion, 

03 - is the natural angle of repose of material to be transported in said 
container, and 

04 - is the cohesion of said material to be transported when wet. 



14. A container as claimed in any preceding claim wherein said first and 
second wall portions are symmetrical. 

15. A container as claimed in any preceding claim wherein said second wall 
portion is convex or concave. 

16 A container as claimed in one of claims 6 to 15, wherein said first wall 
portion is aligned with the flow of material during unloading of said container. 

17. A container as claimed in any one of claims 6 to 16, wherein said ridge 
further includes a third wall portion between said first wall portion and said second 
wall portion. 
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18. A container as claimed in claim 17 wherein said third wall portion is 
concave. 

19.. A container as claimed in claim 17 wherein said third wall portion is flat or 
straight. 

20. A container as claimed in claim 19 wherein said third wall portion is parallel 
to said side wall. 

21 . A container as claimed in claim 19 wherein said third wall portion is angled 
relative to said side wall. 

22. A container as claimed in any one of claims 17 to 21 wherein said first wall 
portion is equal to or longer than said third wall portion. 

23. A container as claimed in any one of claims 6 to 22, wherein at least one 
said side wall further includes a partial ridge along the top or rim of said at least 
one side wall, said partial ridge being formed by a fourth wall portion, said fourth 
wall portion being equivalent to said first wall portion. 

24. A container as claimed in claim 23, wherein said fourth wall portion is of 
equal length to said first wall portion. 

25. A container as claimed in claim 23 or 24 wherein said partial ridge further 
includes a strengthening member along the periphery of said fourth wall portion, 
said strengthening member forming the rim of said container. 

26. A container as claimed in claim 25, wherein said strengthening member is 
integrally formed within said at least one side wall. 

27. A container as claimed in any preceding claim wherein said base of said 
container includes at least one ridge extending substantially along the length of 
said base. 
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28. A container as claimed in claim 27 wherein said at least one ridge along 
said base is located about wheel or track positions of a support for said container. 

29. A container substantially as hereinbefore described with reference to 
figures 2a, 2b, 3a, 3b, 4b, 6 or 8. 

30. A container as claimed in any preceding claim for use in transportation of 
bulk material by road. 

31 . A container as claimed in any preceding claim for use in transportation of 
bulk material by rail. 
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ABSTRACT 

A container for transporting bulk material including two side walls, two end 
walls, and a base; the side walls including a plurality of vertical reinforcing 
members spaced along the length of the side wall, wherein the side wall between 
at least one adjacent pair of the reinforcing members includes at least one 
internal ridge running therebetween. 
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rfN SIDE REINFORCED BULK MATERIAL TRANSPORT CONTAINER 

The present invention is related to bulk transport containers, and in 
particular to containers used in road and rail transportation. 

Bulk transport fleet operators presently use containers that are designed 
5 inefficiently and are unable to carry more payload than they are designed for 
without damaging the container, or without significantly affecting the containers 
safety and fatigue life. If such containers consistently carry more load than they 
are designed for, then unexpected structural failures are likely, along with a 
higher risk of derailment in the case of rail transportation. 
10 The containers presently used by both Australian and international 

transportation companies to carry bulk product are based on designs that are at 
least 20 years old. Each new container that is produced is still based on these 
old concepts, such that the problems inherent in ageing containers will be 
duplicated in the new containers. Thus, if operators look to maximise the 
1 5 carrying capacity of their containers by increasing payloads the inherent design 
problems will be exacerbated. 

It is an object of the present invention to provide a container for bulk 
product transportation that is more efficient and cost effective than existing 
containers, 

20 With the above object in mind the present invention provides a container 

for transporting bulk material having two side walls, two end walls, and a base; 
the side walls having a plurality of vertical reinforcing members spaced along 
the length of the side wall, wherein the side wall between at least one adjacent 
pair of reinforcing members includes at least one internal ridge running 

25 therebetween. 

Preferably, there will be at least one internal ridge between each of the 
reinforcing members. 

Preferably, there will be at least one internal ridge between an end wall 
and a first reinforcing means. 
30 m some instances extra reinforcing members might be required to satisfy 

the structural strength of any or all panels on the side wall and/or floor and/or 



end wall. 
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function of the structural further determined as a 

y preferabry be determ.ned by the fo(lowirlg matf , ematical fQrmu|a . 



01<02-03 - 90 
where 



01-s .he angle between , he vertica , wa|( 5 fjrs( pon(on ^ 

0— ma angle the container is rotated in the U n,oadino ,ac,,i, y 
03- ,s , he natural angie o f repose ,or the product to be transported 

prod U cM;:I:J; d F t i 0 9 :;c 7 ar ,he d na,ura, an9,e ot repose 13 » - 



20 _ 

01<02-03-04-9O 

where 



04- .he cohesion o, the materia, to be transported when we, 

01 A^arT K UmPin9 CDn,a ' ner 1 *°" '° be added <° *• vo.um e ,or 
25 ,n a V ' 0,mU ' a ^ amended b ' = h -^9 *• "90- ^ 
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is to ba carried The 7 ^ " " P °" 13 °' •» ™ teria ' 
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container. Whilst the second portion 8b may have a simi.ar artg.e and ,en Q th to 
the f.rst portion 8a. this is not a retirement of the interna, ridge. Th f he 

°e curved, or f,at. Alternative^, the .ength of the second portion 8b may J 

oZs ° b th r of th : first portion 8a - and *• <* ^ ™ 

Port,on 8b between the wal, 5 and the second portion 8b will be different The 
shape of the second portion 8b of the interna, ridge 8 will depend on the 
1-tat.ons, such as space constraints, of the container, and on the number of 

10 Zell m 5 ' t0 S ° me ° n — ^"-g facilities. 

Whereas the f,r St portion 8a is based on the angle of repose 13 as discussed 

above, the second and possibly third portions 8b. 8c are chosen to complete the 
mternal ndge 8, and fulfil the structura. requirements of the container 

The length and shape of the internal ridge 8. will depend on the structura, 
requirements of the side walls 5 and the base 6. ,t will also depend on the 
spacing between supporting frame members 9. and the natural ang,e of repose 
of the materia.. As the distance or spacing between the supporting frame 
members 9 increases, it will be necessary to increase the depth 16 of the 
.nterna, ridge 8. to ensure the necessary structure, strength. Accordingly it is 

20 r S,b, V° deSi9R 3 C ° ntainer SPSCifiCal,y f ° r 3 CSrtain ^ ° f to be 

20 transported, by considering the mass of the materia, and the pressure the 

material will place on the walls of the container. 

A container constructed with an interna, ridge of the present invention 
proves a container that is able to transport bulk product. Furthermore the 
.nterna. ndge acts as an in-bui.t .ongitudina. structura, stiffener. This interna, 
ndge. then ensures that the structura. requirements, such as strength, fatigue 
res.stance. and buckling capacity, are met, while ensuring that more product can 
be loaded into a container that has the same exterior dimensions as a 
conventional designed container. This difference in carrying capacity can be 
seen ,n Rgure 5, where the shape of a new container of the present invention is 
30 superposed over a conventional container. The shaded area of Figure 5 
shows the extra vo.ume that may be loaded into the new container of the 
present invention. 
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wall 5. Generally, the longer the third portion 8c is, the stronger the internal 
ridge 8 is. However, if the third portion 8c is longer then the first portion 8a then 
some structural strength is lost, and accordingly it is desirable that the third 
portion 8c not exceed the length of the first portion 8a. Whether a third portion 
5 8c is adopted will again depend on the required strength of the structure as well 
as any space constraints on the container. 

The container of the present invention may be used for bulk 
transportation by either road or rail. It may also be adapted to be used on 
containers designed for rotary dumping or tipping, or for bottom dumping. The 
10 orientation of the internal ridge will depend upon this unloading method. That 
is. the first portion 8a is always aligned with the flow of the product being 
unloaded so as to ensure that no product gets caught up inside the container. If 
the angle of the internal ridge is not designed so as to ensure that all the product 
was unloaded, it would be possible for trapped product to unbalance a 
15 container thought to be unloaded, thereby possibly causing derailment or 
collapsing of the container. It will also be understood that the base 6 of the 
container may also include at least one internal ridge, thereby strengthening the 
base of the container. The internal ridges running along the base of the 
container, may go over the wheels and extend through substantially the entire 
20 length of the container. Such floor ridges can be constructed having two main 
functions. One being operational, to bridge over the wheel thereby adding 
greater interior volume, and secondly structural as the ridge is again designed 
to provide structural strength. The parameters of the floor ridge are established 
using structural analysis. The height of the floor ridge is a function of the depth 
25 of the container, of the material properties of the product carried, and of the size 
of the wheels. The dimensions of the floor ridge will also depend on the spacing 
of the supporting members. 

By the addition of at least one internal ridge in the wall of the container, 
the present invention results in a container that is lighter than conventional 
30 containers as the side wall containing the internal ridge does not require as 
many structural reinforcements as conventional containers, since the internal 
ridge itself adds to the structural strength of the wall. Again this can be seen by 
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a< wall and floor shape. Further, the 
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a conventional container due to , ne * ^ mately , % over ^ 

In addition, the aeradvn ■ container volume. 

— ten t on (he zz c r r rte,ics °' ,h9 sha - — - 

5 far the operator. " /0 Wh ' Ch res "" * '-proved fue, economy 

«'■« -How. for an increased pal ad c a """^'^ '°«~ nts , bul 
—no*. ™e m oreemclen, s , r lC de aPaC ' ,y W " h ° U ' SaCri ' iCi " 9 
0 and more aerodynamic. Funhermte .^I T ""'^ " 

P™uc, unload, easiiv and no p ^ ^ * " * ^ <" < he ™er is such that the 
°P-a,,on, The an s , e and sha^e ll T «*-*«, 
^signed to take into consideration^! „ Wa " S ^ ,n,a ™" « 

operators ,oadin g methodo^ "^Z^ ^ " - - 

achieved. 9y ' * hereb *' en sur,ng that efficient unloading i s 
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eacn of said reinforcing members. 

'age between each of sa j d reinforcing members, 
dge between one sa,d end wall and a first reinforcing means. 

incudes rzzzr med r any precedin9 

container J 27 ^ ' ^ «™ - - ™« 

second wall portion rejoining said firs, wu portion ,o said wa„. 

portion^: Ttr^'r - , : c,aim 6 wherein ,he an9,e ° f — -» 

transported. "° W dUrinB Unl ° adin 9 °' -ateria, to be 

"^j" any ° ne ot c,aims 1 * * ~ he ^ — 

reiative o nl t * P""-" '-eased 

- ^rr::rrr rr and a — 

1 P ortlon and being deflected outwardly 
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i n ::::;:: v s r decreased desree re,ative to the - -* - 

9- A container as claimed in any one of Cairns 1 to 8 wherein the ang.e of 
said first wall portion is given by: 

01 <02 - 03 - 90 

where: 

01 - is the angle between said side wall and said first wall portion. 

02 - is the angle said container is rotated during unloading of said 
container, and 

03 - is the natural angle of repose of material to be transported in said 

container, 

10- A container as claimed in any one of claims 1 to 8 wherein the angle of 
sard frrst wall portion is given by: 

01 < 02 -03 -04 -90 

where: 

01 - is the angle between said side wall and said first wall portion. 

02 - is the angle said container is rotated during unloading of said 
container, 

03 - is the natural angle of repose of material to be transported in said 
container, and 

04 - is the cohesion of said material to be transported when wet. 

11- A container as claimed in any preceding claim wherein said first and 
second wall portions are symmetrical. 

12. A container as claimed in any preceding claim wherein said second wall 
portion is convex or concave. 
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13. 



A container as claimed in any preceding claim wherein said first wall 
port.on ,« aligned with the flow of material during unloading of said container. 

14. A container as claimed in any preceding claim wherein said ridge further 
includes a third wall portion between said first wall portion and said second wall 
portion, 

15. A container as claimed in claim 14 wherein said third wall portion is 

concave, 



16. A container as claimed in claim 14 wherein said third wall portion is flat or 
straight. 

17. A container as claimed in claim 16 wherein said third wall portion ,s 
parallel to said side wall. 

18. A container as claimed in claim 16 wherein said third wall portion is 
angled relative to said side wall. 

19- A container as claimed in any one of claims 12 to 18 wherein said first 
wall portion is equal to or longer than said third wall port.on. 

20. A container as claimed in any preceding claim wherein at least one said 
s.de wall further includes a partial ridge along the top or rim of said at least one 
side wall, said partial ridge being formed by a fourth wall portion, said fourth wall 
portion being equivalent to said first wall portion. 

21. A container as claimed in claim 20 wherein said partial ndge further 
includes a strengthening member along the periphery of said fourth wall portion, 
said strengthening member forming the rim of said container. 
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22. 



A container as claimed in any preceding claim wherein" said base of said 
comber includes at least one ridge extending substantially along the length of 

said base. 

23- A container as claimed in claim 22 wherein said at least one ridge along 
sa,d base is located about wheel or track positions of a support for said 
container. 

24. A container substantially as hereinbefore described with reference to 
figures 2a, 2b, 3a, 3b, 4b, 6 or 8. 

25. A container as claimed in any preceding claim for use in transportation of 
bulk material by road. 

26. A container as claimed in any preceding claim for use in transportation of 
bulk material by rail. 



